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Introduction

Nano-scale non-ionic surfactant vesicles (NSVs) have emerged as promising candidates for targeted
drug delivery. These vesicles, commonly referred to as liposomes, are small spherical structures
composed of a lipid bilayer enclosing an aqueous compartment. The small size of liposomes allows
them to cross biological barriers and target specific cells or tissues. The non-ionic nature of the
surfactant used in the formulation prevents aggregation and allows for stability in various
physiological environments. These vesicles can be customized by varying the lipid composition and
surface modifications, modulating the drug release profile and stability, and enhancing therapeutic
efficacy. NSVs offer advantages such as high drug loading capacity, controlled release kinetics, and
tunable surface properties, making them attractive candidates for drug delivery. In vivo studies have
demonstrated the efficacy of NSVs in various disease models, including cancer, infectious diseases,
inflammatory disorders, and neurological conditions. Clinical trials have further evaluated NSV for
drug delivery applications, focusing on safety, efficacy, and pharmacokinetics in human subjects.
Challenges in clinical translation, such as ensuring safety, optimizing pharmacokinetics, and
obtaining regulatory approval, remain, but ongoing research efforts continue to advance NSV-based
drug delivery technologies. Collaborative efforts between researchers, clinicians, industry partners,
and regulatory agencies are crucial for realizing the full potential of NSVs as safe, effective, and
clinically viable drug delivery systems for addressing unmet medical needs and enhancing healthcare
delivery worldwide.

In the realm of pharmaceuticals, drug delivery systems
play a crucial role in enhancing therapeutic efficacy,
minimizing side effects, and improving patient
compliance[1]. These systems are designed to efficiently
transport drugs to their target sites within the body while
minimizing systemic exposure. Among the diverse array of
drug delivery systems, nano-scale non-ionic surfactant
vesicles (NSVs) have emerged as promising candidates
due to their unique properties and versatile applications[2].
This introduction aims to provide a comprehensive
overview of drug delivery systems, introduce NSVs, and
highlight their significance and potential advantages in

drug delivery. Drug delivery systems encompass a wide
range of technologies and formulations aimed at
optimizing the delivery of therapeutic agents to target
tissues or cells within the body. Traditional drug delivery
methods, such as oral tablets and injections, often suffer
from limitations such as poor bioavailability, rapid
clearance, and off-target effects[3]. To address these
challenges, researchers have developed various
sophisticated drug delivery systems that offer targeted
delivery, controlled release, and enhanced efficacy. One
prominent category of drug delivery systems is
nanoparticulate carriers, which are engineered to deliver
drugs at the nano-scale level. These carriers include
liposomes, polymeric nanoparticles, dendrimers, and
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micelles, among others[4]. They offer several advantages,
including increased drug solubility, prolonged circulation
time, and targeted delivery to specific tissues or cells.
Nano-scale non-ionic surfactant vesicles, or NSVs, are
nano-sized vesicular structures composed of amphiphilic
non-ionic surfactants[5]. These surfactants possess both
hydrophilic and hydrophobic moieties, allowing them to
self-assemble into bilayered vesicles in aqueous
environments. NSVs typically range in size from 10 to 100
nanometers and can encapsulate hydrophilic, hydrophobic,
or amphiphilic drugs within their aqueous core or lipid
bilayers. NSVs offer several advantages as drug delivery
carriers, including high drug loading capacity, stability in
biological fluids, and tunable surface properties for
targeting specific tissues or cells. Their nano-scale size
allows for efficient penetration into biological barriers and
accumulation at target sites, thereby enhancing therapeutic
efficacy while minimizing systemic toxicity[6]. The
unique properties of NSVs make them promising
candidates for various drug delivery applications. One of
the key advantages of NSVs is their ability to encapsulate
a wide range of therapeutic agents, including small
molecules, proteins, nucleic acids, and imaging agents[3].
This versatility enables the delivery of diverse classes of
drugs with different physicochemical properties,
expanding the scope of potential applications in cancer
therapy, infectious diseases, and regenerative medicine.
Furthermore, NSVs offer precise control over drug release
kinetics, allowing for sustained release or triggered release
in response to specific stimuli such as pH, temperature, or
enzymatic activity[5]. This controlled release profile can
improve drug efficacy, reduce dosing frequency, and
minimize side effects compared to conventional drug
delivery formulations. Another important advantage of
NSVs is their biocompatibility and biodegradability, which
are essential for safe and effective drug delivery[7]. NSVs
composed of biocompatible surfactants such as
phospholipids or block copolymers are well-tolerated by

the body and exhibit minimal immunogenicity or toxicity.
Additionally, the biodegradable nature of NSVs ensures
the clearance of carrier materials from the body after drug
release, reducing the risk of long-term accumulation or
adverse effects.

Structure and Properties of NSVs
A. Composition and Structure of NSVs:

Nano-scale non-ionic surfactant vesicles (NSVs) are nano-
sized vesicular structures composed of amphiphilic non-
ionic surfactants[66]. These surfactants consist of a
hydrophilic head group and a hydrophobic tail group.
When dispersed in an aqueous solution, the surfactant
molecules self-assemble into bilayered vesicles due to the
hydrophobic interactions between the tail groups and the
hydrophilic interactions between the head groups and
water molecules. The composition of NSVs can vary
depending on the choice of surfactant and other
additives[3]. Commonly used surfactants for NSV
preparation include non-ionic surfactants such as
phospholipids, block copolymers, and fatty acids.
Phospholipids, such as phosphatidylcholine and
phosphatidylglycerol, are widely employed due to their
biocompatibility and ability to form stable vesicles. Block
copolymers, such as poloxamers and poloxamines, offer
versatility in tailoring the physicochemical properties of
NSVs[8]. The structure of NSVs is characterized by a
spherical or ellipsoidal shape with a lipid bilayer
membrane enclosing an aqueous core. The bilayer
membrane consists of two layers of surfactant molecules
arranged with their hydrophobic tails facing inward and
their hydrophilic heads facing outward towards the
aqueous environment[34]. This bilayer structure provides
a barrier that encapsulates drugs within the aqueous core
or lipid bilayers, protecting them from degradation and
facilitating controlled release.
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Figure 1: Structure of non ionic surfactant.

B. Physical and Chemical Properties Influencing Drug
Delivery:

The physical and chemical properties of NSVs play a
critical role in determining their behavior and performance
as drug delivery carriers. These properties can be tailored
through careful selection of surfactants, additives, and
preparation methods to achieve desired drug delivery
outcomes[9].

1. Size and Size Distribution: The size of NSVs is a crucial
parameter that influences their biodistribution, cellular
uptake, and drug release kinetics. NSVs typically range in
size from 10 to 100 nanometers, allowing them to penetrate
biological barriers and accumulate at target sites. Control
over size distribution is essential to ensure uniform drug
delivery and minimize variability in therapeutic efficacy.

2. Surface Charge: The surface charge of NSVs,
determined by the composition of surfactants and
additives, influences their interaction with biological
membranes and cells[6]. Positively charged NSVs
(cationic) tend to exhibit enhanced cellular uptake via
electrostatic interactions with negatively charged cell
membranes, making them suitable for targeted drug
delivery to specific cell types. Conversely, negatively
charged NSVs (anionic) may have prolonged circulation
times due to reduced uptake by reticuloendothelial system
(RES) cells[10].

3. Stability: The stability of NSVs in biological fluids is

crucial for maintaining drug encapsulation and preventing
premature drug release. Factors such as surfactant
composition, lipid packing density, and presence of
stabilizing agents influence NSV stability against
aggregation, fusion, and degradation. Stable NSVs exhibit
prolonged circulation times in vivo and enhanced drug
delivery efficiency[64].

4. Drug Loading Capacity: The ability of NSVs to
encapsulate drugs within their aqueous core or lipid
bilayers depends on factors such as drug solubility,
partition coefficient, and interaction with surfactant
molecules. NSVs offer high drug loading capacities for
both hydrophilic and hydrophobic drugs, allowing for
efficient delivery of a wide range of therapeutic agents[11].

5. Drug Release Kinetics: The release kinetics of drugs
from NSVs can be modulated by altering the properties of
the vesicle membrane, such as lipid composition, bilayer
fluidity, and presence of pore-forming agents. Controlled
release formulations can be designed to achieve sustained
release, triggered release in response to specific stimuli, or
rapid release for immediate therapeutic effect[12].

C. Comparison with Other Drug Delivery Systems:

NSVs offer several advantages over other drug delivery
systems, making them attractive candidates for various
biomedical applications.

1. Liposomes: Liposomes are lipid-based vesicular
structures similar to NSVs but typically larger in size and
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composed of phospholipids. While both liposomes and
NSVs exhibit biocompatibility and high drug loading
capacities, NSVs offer greater stability, tunable surface
properties, and enhanced penetration into biological
barriers due to their smaller size and simpler
composition[13].

2. Polymeric Nanoparticles: Polymeric nanoparticles are
synthetic particles composed of biodegradable polymers
such as poly(lactic-co-glycolic acid) (PLGA) or
polyethylene glycol (PEG). While polymeric nanoparticles
offer tunable drug release kinetics and surface
modifications for targeted delivery, they may exhibit
batch-to-batch variability and require complex synthesis
methods. NSVs, on the other hand, offer a simpler
preparation process and greater versatility in drug
encapsulation[9].

3. Micelles: Micelles are colloidal assemblies of
amphiphilic molecules that form spherical or rod-like
structures in aqueous solutions. While micelles offer high
drug loading capacities and improved solubility for
hydrophobic drugs, they may suffer from limited stability
and rapid drug release kinetics. NSVs provide greater
stability and control over drug release, making them
suitable for sustained delivery of therapeutic agents[14].

Methods of Preparation
A. Various Techniques for NSV Synthesis:

Nano-scale non-ionic surfactant vesicles (NSVs) can be
prepared using a variety of techniques, each offering
unique advantages in terms of scalability, versatility, and
control over vesicle properties. Some of the commonly
used methods for NSV synthesis include:

1. Thin Film Hydration Method: This method involves
dissolving the surfactant and any additives in an organic
solvent to form a thin lipid film on the walls of a round-
bottom flask or glass vial[7]. The solvent is then
evaporated under reduced pressure or nitrogen gas to form
a dry lipid film, which is subsequently hydrated with an
aqueous solution containing the drug of interest. The
hydration process leads to the formation of NSVs, which
can be further processed by sonication or extrusion to
achieve desired size and homogeneity[15].

2. Reverse Phase Evaporation Method: In this method, an
organic phase containing the surfactant and lipid
components is emulsified with an aqueous phase
containing the drug wusing high-shear mixing or
homogenization. The organic solvent is then evaporated
under reduced pressure or by gentle heating, leading to the
formation of NSVs in the aqueous phase. This method is
particularly suitable for encapsulating hydrophobic drugs
within the lipid bilayers of NSVs[6].

3. Solvent Injection Method: In this technique, the
surfactant and lipid components are dissolved in an organic
solvent, and the resulting solution is rapidly injected into
an aqueous phase under high shear or sonication[6]. The
rapid mixing of the organic and aqueous phases leads to
the spontaneous formation of NSVs due to the self-
assembly of surfactant molecules at the interface between
the two phases. This method offers simplicity and
scalability for large-scale production of NSVs[16].

4. Microfluidic-Based Method: Microfluidic devices
utilize microscale channels and precise control over fluid
flow to generate highly uniform droplets or vesicles with
controlled size and composition. In microfluidic-based
NSV synthesis, the surfactant and lipid components are
introduced into separate inlet channels, and their controlled
mixing at a junction leads to the formation of NSVs. This
method offers excellent control over vesicle size and
composition and is suitable for high-throughput screening
of formulation parameters[17].

B. Factors Affecting the Preparation Process:

Several factors influence the efficiency and characteristics
of NSV preparation, including the choice of surfactants,
lipid components, additives, and processing conditions.
Some key factors to consider include:

1. Surfactant and Lipid Composition: The selection of
surfactants and lipids plays a crucial role in determining
the stability, size, and drug loading capacity of NSVs.
Surfactants with  appropriate  hydrophilic-lipophilic
balance (HLB) and lipid components with high purity and
biocompatibility are essential for successful NSV
formation[18].

2. Drug Compatibility: The physicochemical properties of
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the drug, including solubility, partition coefficient, and
stability, influence its encapsulation efficiency and release
kinetics within NSVs. Hydrophobic drugs may
preferentially partition into the lipid bilayers of NSVs,
while hydrophilic drugs may be encapsulated within the
aqueous core[7].

3. Processing Conditions: Parameters such as temperature,
pH, and mixing intensity during NSV preparation can
affect wvesicle size, homogeneity, and stability.
Optimization of processing conditions is necessary to
achieve reproducible and uniform NSV formulations[19].

4. Additives and Stabilizers: Incorporation of stabilizing
agents, such as cholesterol, polyethylene glycol (PEG), or
antioxidants, can enhance the stability and shelf-life of
NSVs by preventing aggregation, fusion, or oxidative
degradation. Additionally, functional additives such as
targeting ligands or stimuli-responsive moieties can be
incorporated to impart specific functionalities to NSVs for
targeted drug delivery[20].

C. Optimization Strategies for Enhanced Drug
Encapsulation Efficiency:

Achieving high drug encapsulation efficiency is essential
for maximizing the therapeutic efficacy of NSVs and
minimizing wastage of costly drug substances. Several
strategies can be employed to optimize drug encapsulation
within NSVs:

1. Pre-formulation Studies: Comprehensive
characterization of drug physicochemical properties,
including solubility, partition coefficient, and stability, is
essential for selecting appropriate formulation components
and optimizing formulation parameters[21].

2. Selection of Surfactants and Lipids: Screening of
surfactants and lipids with different physicochemical
properties can help identify formulations that offer optimal
drug encapsulation efficiency. Surfactants with high self-
assembly propensity and lipid components with suitable
bilayer packing properties are preferred for efficient drug
loading[22].

3. Formulation Optimization: Systematic optimization of
formulation parameters such as surfactant-to-lipid ratio,
drug-to-lipid ratio, and hydration conditions can help

maximize drug encapsulation efficiency while maintaining
vesicle stability and size uniformity[5].

4. Co-solvent or Co-surfactant Addition: Addition of co-
solvents or co-surfactants with high drug solubility can
enhance drug loading efficiency by promoting drug
partitioning into NSVs during the hydration process.
However, care must be taken to ensure compatibility with
the final formulation and minimize potential toxicity or
destabilization effects[23].

5. Post-formulation  Processing:  Post-formulation
techniques such as sonication, extrusion, or freeze-thaw
cycling can be employed to further optimize drug
encapsulation efficiency and vesicle size distribution.
These methods help disrupt large vesicles or aggregates
and promote drug diffusion into NSVs, leading to
improved drug loading[24].

Drug Loading and Release Mechanisms

Drug loading and release mechanisms are crucial aspects
of nano-scale non-ionic surfactant vesicles (NSVs) as drug
delivery systems. Understanding how drugs are
encapsulated within NSVs and how they are released from
these vesicles is essential for optimizing drug delivery
efficiency and therapeutic efficacy[25].

A. Mechanisms of Drug Encapsulation within NSVs:

The encapsulation of drugs within NSVs can occur through
various mechanisms, depending on the physicochemical
properties of the drug and the structure of the vesicles.
Some common mechanisms of drug encapsulation within
NSVs include:

1. Partitioning into Lipid Bilayers: Hydrophobic drugs can
partition into the lipid bilayers of NSVs, where they are
solubilized within the hydrophobic core of the bilayer. This
mechanism is favored for drugs with high lipid solubility
and low aqueous solubility, allowing them to be efficiently
encapsulated within NSVs[26].

2. Encapsulation within Aqueous Core: Hydrophilic drugs
can be encapsulated within the aqueous core of NSVs,
where they are solubilized in the aqueous phase surrounded
by the lipid bilayer membrane. This mechanism is suitable
for drugs with high aqueous solubility and low lipid
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solubility, allowing them to be stably incorporated within
NSVs[27].

3. Complexation with Surfactants: Some drugs can form
complexes with the surfactant molecules present in NSVs,
leading to their encapsulation within the vesicle structure.
This mechanism is particularly relevant for drugs that
exhibit affinity for specific surfactants or undergo
complexation-driven encapsulation[19].

4. Entrapment during Vesicle Formation: During the
formation of NSVs, drugs may become entrapped within
the wvesicle structure due to physical entrapment or
entrapment during the hydration process. This mechanism
can contribute to drug encapsulation within NSVs,
especially for drugs with suitable physicochemical
properties[28].

B. Factors Influencing Drug Loading Efficiency:

Several factors influence the drug loading efficiency of
NSVs, including the physicochemical properties of the
drug, the composition of the vesicle formulation, and the
preparation method used[29]. Understanding and
optimizing these factors are essential for achieving high
drug loading efficiency and maximizing therapeutic
efficacy. Some key factors influencing drug loading
efficiency in NSVs include:

1. Drug Properties: The physicochemical properties of the
drug, including solubility, partition coefficient, and
molecular weight, play a critical role in determining its
encapsulation efficiency within NSVs. Drugs with high
lipid solubility and low aqueous solubility are more likely
to be efficiently encapsulated within the lipid bilayers of
NSVs, while hydrophilic drugs may preferentially partition
into the aqueous core[30].

2. Surfactant and Lipid Composition: The choice of
surfactants and lipids used in NSV formulation
significantly impacts drug loading efficiency. Surfactants
with suitable hydrophilic-lipophilic balance (HLB) and
lipid components with high lipid solubility and
biocompatibility are preferred for efficient drug
encapsulation. Optimization of the surfactant-to-lipid ratio
and the addition of co-surfactants or co-solvents can also
enhance drug loading efficiency[31].

3. Formulation Parameters: Various formulation
parameters, such as the drug-to-lipid ratio, hydration
conditions, and processing methods, influence drug
loading efficiency in NSVs. Optimization of these
parameters is essential to achieve maximum drug
encapsulation while maintaining vesicle stability and size
uniformity[32].

4. Drug-Lipid Interactions: Interactions between the drug
molecules and the lipid bilayers of NSVs can significantly
affect drug loading efficiency. Hydrophobic drugs may
partition into the lipid bilayers, while hydrophilic drugs
may interact with the aqueous core or the lipid head
groups. Understanding these interactions is critical for
optimizing drug loading efficiency in NSVs[33].

C. Release Kinetics and Mechanisms of Drug Release
from NSVs:

The release kinetics and mechanisms of drug release from
NSVs play a crucial role in determining the therapeutic
efficacy and duration of drug action[34]. Various factors,
including vesicle properties, drug properties, and
environmental conditions, influence drug release kinetics
from NSVs. Some common mechanisms of drug release
from NSVs include:

1. Diffusion-Controlled Release: In diffusion-controlled
release, drug molecules diffuse through the lipid bilayers
or aqueous channels of NSVs, driven by concentration
gradients. This mechanism is predominant for drugs
encapsulated within the lipid bilayers or dispersed in the
aqueous core of NSVs. The rate of drug release is
influenced by factors such as drug solubility, lipid
membrane permeability, and vesicle size[34].

2. Erosion or Disintegration: In erosion or disintegration-
controlled release, NSVs degrade or disintegrate over time,
leading to the release of encapsulated drug molecules. This
mechanism may occur due to hydrolysis of lipid
components, enzymatic degradation, or physical
destabilization of the vesicle structure[41]. The rate of drug
release is influenced by factors such as vesicle stability,
lipid composition, and environmental conditions[35].

3. Stimuli-Responsive Release: Stimuli-responsive NSV
are designed to release drug molecules in response to
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specific stimuli such as pH, temperature, light, or
enzymatic activity. These NSVs may incorporate stimuli-
responsive moieties or undergo structural changes in
response to external stimuli, leading to triggered drug
release. This mechanism enables spatiotemporal control
over drug release and can be utilized for targeted drug
delivery and site-specific therapy[36].

4. Burst Release: In some cases, NSVs may exhibit burst
release, where a significant portion of encapsulated drug
molecules is rapidly released from the vesicles upon
administration. Burst release may occur due to incomplete
encapsulation, surface-associated drug molecules, or
structural defects in the vesicle membrane. Minimizing
burst release and achieving sustained release profiles are
essential for optimizing the therapeutic efficacy and
minimizing side effects of NSV-based drug delivery
systems[37].

Applications in Drug Delivery

Nano-scale non-ionic surfactant vesicles (NSVs) have
emerged as versatile drug delivery systems with numerous
applications in medicine. Their unique properties,
including high drug loading capacity, controlled release
kinetics, and tunable surface properties, make them
attractive candidates for targeted and controlled drug
delivery[38].

A. Targeted Drug Delivery using NSVs:

Targeted drug delivery aims to deliver therapeutic agents
specifically to diseased tissues or cells while minimizing
systemic exposure and off-target effects[12]. NSVs offer
several advantages for targeted drug delivery, including the
ability to modify their surface properties with targeting
ligands or antibodies for selective binding to specific
receptors or biomarkers on target cells[39]. This allows for
enhanced accumulation and uptake of NSVs at the site of
action, leading to improved therapeutic efficacy and
reduced side effects. One approach for targeted drug
delivery using NSVs is to functionalize their surface with
ligands that recognize overexpressed receptors on target
cells[40]. For example, NSVs decorated with antibodies or
peptides targeting tumor-specific antigens can selectively
bind to cancer cells and deliver cytotoxic drugs or

therapeutic payloads specifically to the tumor site. This
targeted delivery approach minimizes systemic exposure to
the drug, reducing toxicity to healthy tissues and
improving patient outcomes. Moreover, NSVs can exploit
the enhanced permeability and retention (EPR) effect,
which is commonly observed in tumors due to their leaky
vasculature and poor lymphatic drainage[41]. NSVs can
passively accumulate in tumor tissues through the EPR
effect, where they release therapeutic agents locally,
further enhancing their efficacy against cancer cells while
sparing normal tissues[29]. In addition to cancer therapy,
targeted drug delivery using NSVs holds promise for
various other applications, including treatment of
inflammatory  diseases, infectious diseases, and
neurological disorders. By engineering NSVs with specific
targeting moieties, researchers can tailor drug delivery
systems to address the unique challenges associated with
each disease, maximizing therapeutic benefits while
minimizing adverse effects[42].

B. NSVs for Controlled Release of Therapeutic Agents:

Controlled release drug delivery systems allow for precise
modulation of drug release kinetics, enabling sustained
release over extended periods or triggered release in
response to specific stimuli. NSVs offer excellent control
over drug release kinetics, making them ideal candidates
for developing controlled release formulations with
enhanced therapeutic efficacy and patient compliance[43].
The controlled release of therapeutic agents from NSVs
can be achieved through various mechanisms, including
diffusion-controlled release, erosion or degradation-
controlled release, and stimuli-responsive release[44]. By
adjusting formulation parameters such as lipid
composition, vesicle size, and surface modifications,
researchers can tailor NSVs to exhibit specific release
profiles suitable for different therapeutic applications[23].
For example, NSVs can be designed to release drugs
gradually over time, maintaining therapeutic drug levels
within the therapeutic window and minimizing
fluctuations in plasma drug concentrations[45]. This
sustained release profile is particularly beneficial for
chronic conditions requiring long-term drug therapy, such
as diabetes, hypertension, and pain management.
Moreover, NSVs can be engineered to respond to external
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stimuli such as pH, temperature, or enzymatic activity,
triggering controlled release of drugs at the desired site of
action[46]. Stimuli-responsive NSVs undergo structural
changes or drug release mechanisms in response to specific
stimuli, enabling spatiotemporal control over drug delivery
and minimizing off-target effects[44]. Controlled release
formulations using NSVs have applications in various
therapeutic areas, including cardiovascular diseases,

infectious diseases, and neurodegenerative disorders[47].
By optimizing formulation parameters and understanding
the underlying mechanisms of drug release, researchers
can develop NSV-based controlled release systems with
tailored release kinetics and improved therapeutic
outcomes[48]. The application of niosomes in delivering
drugs is summarized in Table 1 below.

Table 1: Summary of the Application of Niosomes in Drug Delivery

Surfactan Formulatio Loaded Encapsulatio Administrate Application Reference
t n Method Drug n Rate (%) d S
Span 60 Thin film Colchicine 90 Oral Anti- [48]
hydration inflammator
y
Tween 80 Reverse- Retinyl Not specified Topical Skin care [49]
phase palmitate
evaporation
Span Reverse- Acetazolamid Not specified Ophthalmic Glaucoma [50]
60/Tween phase e treatment
80 evaporation
Span Thin film Zidovudine Not specified Oral Antiretrovira [51]
80/Tween hydration | therapy
80
Various Not Paclitaxel Not specified Oral Cancer [52]
nonionic specified chemotherap
surfactant y
S
Span Not Ketoconazole Not specified Topical Antifungal [53]
80/Tween specified treatment
80
Span Not Ketoprofen Not specified Topical Anti- [54]
60/Tween specified inflammator
80 y
Various Not Terbinafine Not specified Topical Antifungal [55]
nonionic specified hydrochloride treatment
surfactant
S
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Various Not Lansoprazole Not specified Oral Gastric acid [56]
nonionic specified suppression

surfactant

S

Span Not Isoniazid Not specified Topical Tuberculosis [57]
60/Tween specified treatment

80

C. NSVs in Overcoming Biological Barriers for Drug
Delivery:

Effective drug delivery often requires overcoming
biological barriers such as the blood-brain barrier (BBB),
gastrointestinal (GI) barrier, and skin barrier to achieve
therapeutic concentrations of drugs at the target site[58].
NSVs offer unique advantages for traversing these barriers
and delivering therapeutic agents to inaccessible or
protected tissues. One of the most challenging barriers in
drug delivery is the BBB, which limits the penetration of
drugs into the central nervous system (CNS) and hinders
the treatment of neurological disorders[54]. NSVs can be
engineered to bypass or overcome the BBB through
various strategies, including surface modifications with
BBB-targeting ligands, such as peptides or antibodies, or
utilizing endogenous transport mechanisms for efficient
drug delivery to the brain. Similarly, NSVs can be designed
to improve drug delivery across the GI barrier, enhancing
oral bioavailability and therapeutic efficacy of orally
administered drugs[59]. By incorporating mucoadhesive
polymers or surface modifications that promote intestinal
absorption, NSVs can enhance drug permeation through
the intestinal mucosa and facilitate drug absorption into
systemic circulation[33]. Moreover, NSVs hold promise
for transdermal drug delivery, allowing for non-invasive
administration of therapeutics through the skin. NSVs can
penetrate the stratum corneum barrier and deliver drugs
directly to underlying tissues or systemic circulation,
bypassing first-pass metabolism and improving drug
bioavailability[60].

Biocompatibility and Toxicity Assessment

Nano-scale non-ionic surfactant vesicles (NSVs) hold
significant promise as drug delivery systems due to their

unique properties and versatile applications. However,
ensuring their biocompatibility and addressing potential
toxicity concerns are essential steps in the development of
safe and effective therapeutic formulations.

A. Evaluation of Biocompatibility of NSVs:

Biocompatibility refers to the ability of a material to
perform its intended function without eliciting adverse
effects on biological systems. Assessing the
biocompatibility of NSVs involves evaluating their
interactions with biological tissues, cells, and organs to
ensure compatibility and minimize immune responses or
inflammatory reactions[61].

1. In vitro Studies: In vitro studies are commonly used to
assess the biocompatibility of NSVs with various cell
types, including primary cells, cell lines, and co-culture
systems. Cell viability assays, such as MTT or Alamar
Blue assays, can be used to evaluate the cytotoxicity of
NSVs and their effects on cell proliferation and viability.
Additionally, assays measuring inflammatory cytokine
release, cell morphology, and cellular uptake can provide
valuable insights into the biocompatibility of NSVs[62].

2. In vivo Studies: In vivo studies are essential for
evaluating the biocompatibility of NSVs in complex
biological systems and assessing their biodistribution,
pharmacokinetics, and tissue compatibility[4]. Animal
models, such as mice, rats, or rabbits, can be used to
investigate acute and chronic toxicity, immunogenicity,
and tissue response to NSVs following systemic or local
administration. Histological analysis of tissues, blood
chemistry, and immune response markers can provide
valuable information on the biocompatibility and safety
profile of NSVs in vivo[63].
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3. Hemocompatibility: Hemocompatibility assessment
evaluates the interaction of NSVs with blood components,
including red blood cells, platelets, and plasma proteins, to
ensure minimal hemolytic activity, thrombogenicity, and
coagulation activation. Hemolysis assays, coagulation
assays, and platelet aggregation studies can be performed
to assess the hemocompatibility of NSVs and identify
potential adverse effects on blood components[34].

B. Assessment of Potential Toxicity and Safety
Concerns:

Despite their potential therapeutic benefits, NSVs may
pose safety concerns related to their physicochemical
properties, composition, and interaction with biological
systems. Assessment of potential toxicity is essential for
identifying safety risks and implementing measures to
minimize adverse effects associated with NSV-based drug
delivery systems[64].

1. Acute Toxicity Studies: Acute toxicity studies evaluate
the immediate adverse effects of NSVs following single or
short-term exposure in animal models[45]. These studies
assess mortality, clinical signs, and gross pathology to
determine the maximum tolerated dose and identify
potential target organs or tissues affected by NSVs. Acute
toxicity data are essential for establishing safe dosing
regimens and  informing  subsequent  toxicity
assessments[65].

2. Subchronic and Chronic Toxicity Studies: Subchronic
and chronic toxicity studies assess the long-term effects of
repeated NSV exposure over extended periods, typically
ranging from weeks to months[54]. These studies evaluate
systemic toxicity, organ toxicity, carcinogenicity, and
reproductive toxicity to assess the safety profile of NSVs
for prolonged therapeutic use. Histopathological
examination of tissues, clinical chemistry analysis, and
functional assessments provide comprehensive insights
into the potential adverse effects of NSVs over time[33].

3. Genotoxicity and Mutagenicity: Genotoxicity and
mutagenicity studies evaluate the potential of NSVs to
induce DNA damage or mutations in vitro and in vivo[4].
These studies assess chromosomal aberrations,
micronucleus formation, and gene mutations following

NSV exposure to identify potential genotoxic hazards and
carcinogenic risks associated with NSVs[66].

4. Immunotoxicity: Immunotoxicity assessment evaluates
the effects of NSVs on the immune system, including
innate and adaptive immune responses, cytokine
production, and immune cell activation. These studies
assess the immunogenicity, hypersensitivity reactions, and
autoimmune responses induced by NSVs to ensure their
compatibility with the immune system and minimize
inflammatory or allergic reactions[67].

C. Strategies to Mitigate Toxicity Risks:

Mitigating toxicity risks associated with NSVs involves
implementing various strategies to enhance their safety
profile and minimize adverse effects on biological systems.
Some strategies to mitigate toxicity risks include:

1. Surface Modification: Surface modification of NSVs
with biocompatible polymers, such as polyethylene glycol
(PEG), can improve their stability, reduce protein
adsorption, and minimize recognition by the immune
system, thereby reducing the risk of immunogenicity and
inflammatory responses.

2. Optimization of Formulation Parameters: Optimization
of formulation parameters, such as surfactant composition,
lipid-to-drug ratio, and vesicle size, can enhance the
biocompatibility and safety of NSVs. By carefully
selecting formulation components and optimizing
preparation methods, researchers can minimize toxicity
risks and improve the performance of NSV-based drug
delivery systems[68].

3. Encapsulation of Cytoprotective Agents: Encapsulation
of cytoprotective agents, such as antioxidants or anti-
inflammatory agents, within NSVs can mitigate oxidative
stress, inflammation, and tissue damage induced by NSVs,
thereby enhancing their safety profile and reducing
potential toxicity risks[21].

4. Preclinical Safety Assessment: Comprehensive
preclinical safety assessment, including in vitro and in vivo
studies, is essential for identifying potential toxicity risks
associated with NSVs and informing clinical development.
Close collaboration with regulatory authorities and
adherence to regulatory guidelines ensure rigorous
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evaluation of NSV safety and facilitate translation to
clinical trials[69].

Conclusion

Nano-scale non-ionic surfactant vesicles (NSVs) represent
a promising class of drug delivery systems with diverse
applications in medicine. Through in vivo studies and
clinical trials, NSVs have demonstrated efficacy in
targeted drug delivery, controlled release, and overcoming
biological barriers for drug delivery. These studies have
provided compelling evidence of the therapeutic potential
of NSVs in treating various diseases, including cancer,
infectious  diseases, inflammatory disorders, and
neurological conditions. Despite challenges in clinical
translation, such as ensuring safety, optimizing
pharmacokinetics, and obtaining regulatory approval,
ongoing research efforts continue to advance NSV-based
drug delivery technologies and overcome these barriers.
With further refinement of formulation strategies,
manufacturing processes, and regulatory pathways, NSVs
hold great promise for revolutionizing drug delivery and
improving patient outcomes in the future. Collaborative
efforts between researchers, clinicians, industry partners,
and regulatory agencies are essential for realizing the full
potential of NSVs as safe, effective, and clinically viable
drug delivery systems for addressing unmet medical needs
and enhancing healthcare delivery worldwide.
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